Introduction: Tuberculosis (TB) is a major public health concern in Ethiopia. Analysis of TB case notification and treatment outcomes is crucial to understand the TB control program performance. The current study was carried out to assess trends of TB case notifications, treatment success rate and factors associated with unsuccessful treatment outcome among TB patients in West Gojjam Zone of Amhara Region, Ethiopia. Method: A retrospective cohort study was conducted in West Gojjam Zone. Demographic and clinical data were reviewed for all TB patients registered between July 2007 and June 2012 at 30 randomly selected public health facilities of the study zone. In addition, annual case notification reports of the study zone were used to analyze trends in TB case notifications. Logistic regression analysis was used to assess the association between potential predictor variables and unsuccessful treatment outcomes. Results: Tuberculosis case notification for all forms of TB decreased from 203/100,000 population in 2007 to 155/100,000 population in 2012. Among patients whose treatment outcomes were evaluated, 94.4% were successfully treated, 0.3% had treatment failure, 1.5% defaulted and 3.7% died. In multivariate analysis, the odds of unsuccessful treatment outcome was higher among retreatment cases than new cases (adjusted OR, 3.44; 95% CI: 1.92, 6.19). HIV co-infected cases were more likely to have unsuccessful treatment outcome compared to HIV negatives (adjusted OR, 2.68; 95% CI: 1.92, 3.72). Conclusion: Tuberculosis case notification rates showed a decreasing trend between 2007 and 2012. The * Corresponding author.
Introduction
Tuberculosis (TB) is a major public health concern in the developing world. According to World Health Organization (WHO) report in 2014, there were 9.6 million new TB cases and 1.5 million deaths from TB worldwide [1] . The 22 high TB burden countries collectively account for 80% of TB cases.
Ethiopia is among the 22 high-TB burden countries in the world. The prevalence and incidence of TB in the country is estimated at 200/100,000 population and 207/100,000 population, respectively [1] . Based on the national population based TB prevalence survey conducted in 2010/2011 the prevalence of smear-positive and all forms of TB was estimated at 108/100,000 population and 240/100,000 population, respectively [2] . Cognizant of the huge burden of TB in the country, the Government of Ethiopia has incorporated TB control as one of the priority health program packages in the country's Health Sector Development Program [3] . However, TB still remains a major public health problem in Ethiopia.
In Ethiopia, the directly observed treatment short-course (DOTS) strategy was started as a pilot in Arsi and Bale zones, Oromia Region in 1992 [4] . It was then subsequently scaled up nationwide and a 100% geographical and 92% health facility coverage were achieved [2] . Nonetheless, previous studies conducted in different regions of Ethiopia showed that the passive case finding approach, where TB patients self-report to health care facilities leaves significant number of undiagnosed TB cases in the community [5] - [9] .
For effective TB control, it is very important to detect cases as early as possible and to ensure that those diagnosed complete their treatment and get cured [10] . TB case notification and treatment success rates are used to measure the TB control program performance [1] . Monitoring the treatment outcome and understanding of reasons for unsuccessful treatment outcome are also essential in order to improve treatment outcome [11] . Studies previously conducted in Ethiopia assessed treatment outcome and various results were reported. The treatment success rates of 89.1%, 82.6%, 55.7%, 85.5%, and 29% were observed in Northern Ethiopia [12] , Addis Ababa [13] , Western Ethiopia [14] and North West Ethiopia [15] [16] , respectively. The observed difference in treatment success rate across these studies may be related to variations in DOTS performance [12] , length of the study periods and the sample size used. It may also be due to inclusion of transferred out TB cases in the analysis where the actual treatment outcome of this group is not known [17] . Some of the independent predictors for unsuccessful treatment outcome previously reported were: patient's age over 55 years, retreatment cases, HIV sero positivity, being male, and long distance from home to health facilities [12] [18] [19] .
In Amhara Region where this study was conducted, DOTS strategy has been introduced since 1996 and its geographic coverage reached 100% of the region in 2009 [20] . Despite the high TB burden and DOTS coverage in the study region however, no study has so far assessed trends in case notification and treatment success rates at a larger scale. Thus, the current study was carried out to assess trends of TB case notifications, treatment success rate and factors associated with unsuccessful treatment outcome among TB patients in West Gojjam Zone of Amhara Region, Ethiopia.
Methods

Study Setting
The study area, West Gojjam Zone, is one of the ten zones in the Amhara Region of Ethiopia. The total population is estimated at 2,382,497 [21] , and more than 90% of the population reside in rural areas. Agriculture is the main source of livelihood for the community. Administratively, West Gojjam Zone is divided into 13 rural districts and five town administrations. One government hospital, 90 health centers, 76 private health facilities (hospitals and higher clinics) and 363 government health posts are actively providing health service to the population in the study zone. Of these, one government hospital, 73 government health centers and six private health institutions had TB diagnostic and treatment facilities. Two hundred and seventy six health posts in the study zone were serving as treatment centers for DOTS. A health post is the lowest level health facility and is staffed by two female health extension workers (HEWs). HEWs play an important role in identifying and referring TB suspects to the next level of health care i.e. health centers for TB diagnosis and initiation of treatment. Health posts are not equipped with TB diagnostic tools. TB cases are diagnosed and treated based on the national TB control guideline [4] . Sputum smear microscopy is the basic TB diagnostic method used at health centers. Thus all extra pulmonary TB (EPTB) and clinically suspected smear-negative pulmonary TB (PTB−) cases must be referred to hospitals and private clinics for chest radiography and other necessary investigations for TB. During the study period, the treatment regimen given contained an intensive phase of daily chemotherapy with (2RHZE) rifampicin, isoniazid, pyrazinamide, and ethambutol for two months, followed by a continuous phase treatment with (6EH) ethambutol and isoniazid for six months [4] . Since 2011, the continuous phase treatment has been shortened into four months which contain (4RH) isonized and rifampicin. TB patients in the study zone also seek traditional health care including self-treatment and holy water from the Orthodox Church [22] . Public transport and horseback riding are the main means of transport in the study area.
Sampling Procedure
Simple random sampling method was used to select the study sites. First we obtained the list of all public health facilities providing TB diagnosing and treatment services in West Gojjam Zone. Of these 29 health centers were selected randomly and a hospital selected purposely. All TB patients registered between July 2007 and June 2012 were included. All health facilities included in the study had standardized unit TB registers.
Definition of Variables
Case definition and treatment outcome were defined based on the standard definitions of the National TB and leprosy control program guideline of Ethiopia for the diagnosis and treatment of TB cases [4] .
Smear-positive pulmonary TB (PTB+): a patient with at least two initial sputum smear examinations positive for acid-fast bacilli (AFB) by direct microscopy, or one initial smear examination positive for AFB by direct microscopy and culture positive, or one initial smear examination positive for AFB by direct microscope and radiographic abnormalities consistent with active TB as determined by a clinician.
Smear-negative pulmonary TB (PTB−): a patient with symptoms suggestive of TB with at least three AFB negative sputum smear examinations, radiographic abnormalities consistent with active pulmonary TB, no response to a course of broad spectrum antibiotics and a decision by a clinician to treat with a full course of ant-TB chemotherapy.
Extra pulmonary TB (EPTB): A patient has TB in organs other than the lungs, proven by one culture-positive specimen from an extra-pulmonary site or histo-pathological evidence from a biopsy, or based on strong clinical evidence consistent with active EPTB and the decision by a physician to treat with a full course of anti-TB therapy.
Retreatment cases include the following three sub-categories: treatment failure, relapse and default cases. "Treatment after failure" is defined as a patient who started on retreatment after the previous treatment has failed. A patient previously treated for TB who returns to treatment having previously defaulted is referred to as "default". A "relapse" case is defined as a patient who previously was declared cured or treatment completed and is diagnosed with bacteriologically-positive (sputum smear or culture).
A new case of TB is a patient who has never had treatment for TB or who had taken anti-TB drugs for less than one month.
The treatment outcomes were categorized as cured, treatment completed, defaulted, treatment failure and died. A patient is considered "cured" when sputum smear examination is bacteriologically negative in the last month of treatment and on at least one previous occasion. If a patient completed treatment without having a negative bacteriological result in the last month of treatment and on at least one previous occasion, the patient is declared as "treatment completed". If a patient interrupted his treatment for 8 or more consecutive weeks after he/she had been on treatment for at least 4 weeks, the patient is considered as a "defaulter".
Treatment failure is defined as a patient who remains or becomes again smear-positive at the end of 5 months or later during treatment. A patient is declared "dead" if he/she died for any reason during the course of treatment. Patients are considered as "transferred out" if they are transferred to another health facility and the treatment outcome is not known. Successfully treated: the sum of cured and treatment completed cases. Thus in this study we dichotomized the treatment outcome into: successful treatment outcome (cured and treatment completed) and unsuccessful treatment outcome (died, treatment failure and defaulted). The independent variables used were age, sex, residence, type of TB, category of TB and HIV status.
Study Design and Data Collection
This was facility based retrospective cohort study. We reviewed the profile of all TB patients registered between July 2007 and June 2012 at 30 public health facilities of the study zone. Demographic and clinical data were reviewed from the unit TB registers of each health facility by trained health officers and nurses. Age, sex, residence, TB type, TB category, HIV status, follow-up sputum examination result and treatment outcome were reviewed for each patient. The overall activities were supervised by the principal investigator and other supervisors. Due to resource and time limitations we had, we used case notification annual reports of all districts for each study year in the study zone to achieve our first objective.
Statistical Analysis
Data were analyzed using Statistical Package for the Social Sciences (SPSS) IBM Version 20 (SPSS Inc. Chicago, IL, USA) and were cleaned for errors before the analysis. Ten percent of the data were double entered in order to assure quality of the data. Case notification rates per 100,000 population were calculated by taking each year's population estimate as a denominator and notified cases as numerator. The study zone population for each year was projected based on estimates of Central Statistics Authority in Ethiopia [21] . Descriptive analysis such as frequency, mean and standard deviation were computed. Bivariate analysis was first performed to examine the association of each independent variable on unsuccessful treatment outcome. Thereafter, multivariate logistic regression analysis was used to measure the independent effects of each predictor variable on unsuccessful treatment outcomes. Variables with a P-value of <0.2 in the bivariate analysis were included in the multivariate model. A P-value of <0.05 was considered statistically significant. Odds ratios with 95% confidence interval were used to assess the strength of association between variables.
Ethical Approval
The Regional Committee for Medical Research Ethics (REK Øst) in Oslo, Norway and the National Research Ethics Review Committee (NRERC) in Addis Ababa, Ethiopia, were approved this study. Permission was obtained from respective local administrations. The record review from the unit TB registers was done anonymously without mentioning the patients' name.
Results
General Characteristics of Study Subjects
The treatment records of 15,140 TB patients registered between July, 2007 and June, 2012 at 30 DOTS sites of the study zone were reviewed. Of these were 50.7% males and 48.1% females yielding a male to female ratio of 1.1:1. Type of sex was not documented for 1.2% of the cases. The mean age was 29.8 years with ±15.0 year's standard deviation (SD). Most, 90.6% of the TB cases were newly diagnosed. More than half (51.2%) of TB patients were EPTB cases. Seven hundred and sixteen (10.5%) of the TB patients were co-infected with HIV ( Table 1) . Among TB/HIV co-infected patients, 249 (33.1%), 327 (43.4%) and 177 (23.5%) were EPTB, PTB− and PTB+ cases, respectively.
Trends in TB Case Notification
The trend in case notification was analyzed using data that included all cases reported during the study period in the study zone. Accordingly, between July 2007 and June 2012, a total of 19726 new and 285 retreatment cases of all forms of TB were reported from West Gojjam Zone. Case notification rate for newly diagnosed TB cases 
Treatment Outcomes
Among 15,140 TB patients registered over the study period, 2945 (19.5%) were transferred out and 2101 (13.9%) did not have documented treatment outcomes. For this analysis, we excluded all transferred out cases and patients with un documented treatment outcome from the treatment outcome analysis. Accordingly, of the 10094 TB patients who had documented treatment outcome, 9528 (94.4%) were successfully treated, 154 (1.5%) were defaulted, 377 (3.7%) died, 35 (0.3%) had treatment failure ( Table 3 ). The average treatment success rate of new PTB+ cases was 93%. Of these, 72.1% of PTB+ patients were cured. The remaining 20.9% of PTB+ patients completed their treatment but the sputum examination result at the end of treatment was not known. New TB patients had higher treatment success rate (94.6%) compared to retreatment cases (84.2%) ( Table 4) . Zonal population projected from the 2007 population and housing census, CSA [21] . The five year average TB case notification for all forms of TB was 178 per 100,000 population/year. Re-treatment cases had higher treatment failure rate (6.2%) compared to new TB cases (0.3%) (P < 0.001). The defaulter rate among retreatment cases was higher (3.4%) compared to new TB patients (1.4%) (P < 0.001). The death rate among retreatment TB patients was higher (6.2%) compared to new TB cases (3.7%) (P < 0.001).
Trend in Treatment Success Rate
The trend in treatment success rate of all TB patients steadily increased from 93.4% Adjusted odds ratio; COR = Crude odds ratio, AOR = Adjusted odds ratio, CI = Confidence interval.
Discussion
In this study, we found that the case notification rate for all forms of TB increased from 203/100,000 population in July 2007-June 2008 to 204/100,000 population in July 2008-June 2009. This might be related to increased DOTS sites expansion in Amhara Region which significantly improved access to TB diagnosis and treatment [20] . It may also be due to increased TB incidence fueled by the powerful interaction between HIV and TB [23] . The proportion of TB/HIV co-infection in our study was 10.5%. The Amhara Region where the study zone is found is one of the regions in Ethiopia with high HIV burden [24] . After the second year of the study period, the TB case notification rate steadily decreased and reached 155/100,000 population at the end of the study period (2012). A reduction in diagnostic delay and the detection of backlog of undetected TB cases after the expansion of DOTS sites might have contributed for the consistent TB case notification decline observed in this study. It may also be explained partly by increased anti-retroviral therapy (ART) site expansion in Amhara Region over the study period [25] [26]. ART site expanation has an effect in the decline of TB cases notifications [27] [28].
However, the decline trend should be interpreted cautiously given the limited availability of culture and histopathology facilities to diagnose PTB− and EPTB cases in the study area in particular and Ethiopia at large. In this study, the overall treatment success rate for all TB patients was 94.4% and is higher than the 90% global target as set by WHO [29] . The study result is also higher compared to previous treatment success rate reports of 87.8% and 85.6% in North West Ethiopia [15] [30], 55.7% in Western Ethiopia [14] , 82.7% in Addis Ababa [13] , and 91.1% in Northern Ethiopia [31] . Another study from North West Ethiopia showed a treatment success rate of 94.8% which is comparable with our study result [32] .
A consistently high treatment success rate was observed over the study period. This may be linked to an improved access to TB diagnostic and treatment services as a result of subsequent DOTS sites expansion. The health extention workers contribution in identifying and referring suspected TB cases, defaulter tracing and awareness creation in the community could also be a possible explanation.
The average death rate in our study was 3.7%. This is lower compared to previous study reports of 10 .5% in Northwest Ethiopia [16] , and 7.4% Central Ethiopia [17] . The death rate steadily decreased over the study period except in July 2010 to June 2011 where it increased from 3.2% to 4%. However, it subsequently decreased again the following years. The conserted efforts in the implementation of TB/HIV collaborative activities in Ethiopia [33] might be the possible explanation for the decrease in death rate. On the other hand, the death rate steadily increased among patients above the age of 55 years. This is in agreement with previous study findings in Ethiopia [12] [16] [18] [34] . Increasing age has been reported to be a risk factor for death due to increasing co-morbidity and physiological deterioration [15] [35] . Thus early diagnosis of TB and close monitoring of treatment in old age patients is crucial.
The overall defaulter rate was 1.5%, which is lower than previous defaulter rates of 3.5%, 18.3%, 3.5%, and 8.5% reported from North West Ethiopia [15] [16], Northern Ethiopia [12] , and from Central Ethiopia [17] , respectively. The very low defaulter rate observed in our study may be related to improved TB diagnostic and treatment services access and the regular communication and collaboration between health posts and health centers in defaulter tracing. The use of DOTS contact person to closely monitor and trace patients who default [30] may also be a contributing factor.
The overall treatment failure rate was 0.3% and is comparable with previous study findings of 0.2% -0.5% from Ethiopia [13] [16] [17] , but lower than the 3.7% and 7.8% failure rates reported from Northern Ethiopia [12] and Central Ethiopia, respectively [17] . However, the treatment failure rate increased from 0.4% to 0.8% between July 2010 and June 2012 in our study.
The treatment failure and death rates among retreatment cases were higher than new TB cases. A similar finding was reported from Central Ethiopia [17] . A former study from Northern Ethiopia indicated that patients with a previous exposure to TB drugs had 6.4 times higher risk of developing multi-drug resistant TB (MDR-TB) than newly diagnosed TB cases [36] . The prevalence of MDR-TB among retreatment cases in Ethiopia varied from 12% to 18.5% [36] [37] . The high failure and death rates among retreatment cases in this study might be linked to high prevalence rate of MDR-TB among this group of patient [38] . Strengthening the capacity of TB diagnostic facilities for early detection and management of MDR-TB cases is important.
In our study, despite the high treatment success rate of new PTB+ ve cases, the overall cure rate was 72.1%, which is lower than previous cure rate reports of 85.5% from Northern Ethiopia [12] and 81.1% in North West Ethiopia [31] . Sputum smear examination at two, five and seven months is recommended as part of anti-TB treatment follow up. Nearly 30% of PTB+ cases in this study completed their treatment without confirmed bacteriology result. In addition, for an average of more than 30% of PTB+ patients, the follow-up sputum smear examination result was not documented at two, five and seven months. This indicates the gap in appropriately following up PTB+ cases. Failure to act at the recommended time periods for follow up sputum smear examination results may increase the risk of failure or relapse among patients who are still smear-positive. This period must be monitored very closely during supervision. Further qualitative study is also needed to explore the reasons for not appropriately performing the follow up sputum smear result in a timely manner.
In this study, a high proportion of EPTB cases were observed compared to PTB patients. Similar findings were reported from previous studies in Ethiopia [13] [15] [31] . Evidence also indicates that less proportion of EPTB cases compared to other forms of TB were observed in other studies conducted in Ethiopia [14] [16] . EPTB is more common in HIV infected patients [13] [15] . In our study, 32.8% of HIV infected patients were EPTB cases. Further research is warranted to investigate the reasons for the very high proportion of EPTB cases in the study zone.
Retreatment and HIV co-infected patients were independently associated with unfavorable treatment outcome. Similar findings were previously reported [12] [17] . The finding indicates that retreatment and HIV co-infected TB patients need strict follow up throughout their treatment period.
We observed missing data for patients' socio demographic and clinical information, follow-up sputum examination result and treatment outcome. This problem should be addressed by taking measures that improve the TB recording and reporting system. Continuous refresher training of health personnel on health management and information system, supportive supervision and regular monitoring and evaluation of the TB control program in the study zone are important measures.
Our study shares the inherent limitation of retrospective study and may be subjected to random error and selection bias. The unit TB registers we reviewed lack full list of variables that may have association with treatment outcome. Data with unknown treatment outcome were excluded from the treatment outcome analysis. However, as we had large cohort of TB cases in our sample and included all districts and town administrations in the study zone, the effect of selection bias may be minimized.
Conclusion
Tuberculosis case notification rates showed a decreasing trend between 2007 and 2012. The treatment success rate exceeded the 90% treatment success rate target as set by the WHO and was consistently high over the study years. Special attention is required for patients with high risk of unsuccessful treatment outcome. Therefore, retreatment and HIV positives cases need strict follow up throughout their treatment period. Supportive supervision should be strengthened to maintain the high treatment success rate, and closely monitor time of follow-up sputum smear examinations. The health management information system at health facility level must be improved so that complete data for each patient is recorded in the unit TB registers.
